The riparian rainforest on the streamside levees of the coastal floodplain of the Clarence River on the North Coast of New South Wales was cleared during the 1860s by small landholders seeking fertile land. Only three small remnants remain. Using a combination of historical species lists, corner trees from surveyors' portion plans, habitat information and the NSW Scientific Committee's (1999) determination for lowland rainforest on floodplain a conceptual model of the original distribution of rainforest suballiances on the levees of the Clarence River coastal floodplain is proposed.
Introduction
Before European settlement the banks of the coastal floodplain of the Clarence River in northern New South Wales (lat. 29.5˚S, long. 153.2˚E) ( Figure 1 ) were vegetated by a band of rainforest that was known colloquially as 'brush' (Hodgkinson 1845 , Rose 2012 . In 1839, The Deputy Surveyor-General, Captain Perry onboard one of the first vessels to enter the Clarence River noted that: The first Europeans to move into the Clarence Valley were cedar getters and graziers who mainly left the riparian rainforest undisturbed. The cedar getters only selectively removed the valuable red cedar from the rainforest; most of the easy to cut cedar exhausted by 1842 (Vader 1987 p.94) . The impenetrable rainforest was of no use to the grazier (Lang 1847, Stubbs 1996 p. 124) but changes to the land laws (The Order in Council of 1847 followed by the Crown Lands Alienation Act 1861) enabled farmers to obtain smaller blocks (Stubbs 1996) . The 'brush' forest blocks along the banks of the Clarence River were sought after due to their fertile soil. Due to its luxuriant nature the 'brush' was not possible to burn and it could only be cleared by cutting down the large trees with an axe. This was hard work and would take a week to clear an acre (4,000 m 2 ). Virtually none of the timber was sold, but merely allowed to dry for about a year and then burnt. In the meantime the settlers planted maize in between 
Assessment criteria
Habitat fit category
The tourist may form some idea of the Clarence as it was when first discovered, in 1832, from the vegetation which still grows in rank luxuriance on some of the smaller islands -emerald gems in the glittering stream.
implying that the rest of the brushes (or riparian rainforest) had been totally cleared by that time.
The purpose of this paper is to present the available information of the now largely destroyed riparian rainforest in a manner that could be of use for anyone wishing to reestablish parts of this rainforest. For example Clarence Valley Council has an Environmental Trust grant for Clarence Estuary Riparian and Wetland Restoration and is actively engaged in riparian weed control, native plant establishment and livestock exclusion fencing. Clarence
Landcare has a project for the collection of local native seed species and growing the plants/trees for specific projects (Wilson 2014a) . A workshop of the Clarence Floodplain and Estuary Partnership agreed that riparian rehabilitation to be a priority activity for the partners (Wilson 2014b) . This paper may help these agencies in their riparian restoration work to seek out species that were originally there and not only those that are currently in the riparian zone.
The starting point for this investigation was the NSW Scientific Committee's (1999) Determination for lowland rainforest on floodplain as an Endangered Ecological Community for the New South Wales North Coast Bioregion. This determination uses Floyd's (1990) classification for rainforests. Floyd (1990, v.2 microfiche) recorded the species found in the three remaining rainforest remnants (Susan Island Nature Reserve, Maclean Rainforest Reserve and Iluka Nature Reserve, Figure 1 ) on or near the Clarence floodplain. Historical surveyors' corner tree data and species lists from botanists, who visited the area prior to the clearing of the riparian rainforest, was another source for rainforest species found on the floodplain. Rich (1996) suggested that littoral rainforest may extend further inland along estuarine river systems, and as suballiance No. 16 is the main suballiance at the Iluka littoral rainforest reserve, this suballiance was also included in all of the assessments.
The available habitat and historical information was used to determine if any of the eleven suballiances in the Determination (NSW Scientific Committee 1999) could be excluded from being present on the Clarence floodplain and enabled the generation of a conceptual model of the distribution of rainforest suballiances across the riparian levees on the Clarence floodplain.
Methods Floyd (1990) used floristics or habitat characteristics to differentiate between rainforest suballiances with key characteristics based on soil type, location, altitude, rainfall etc. or a combination of habitat characteristics. Table 1 gives a simple scale created to subjectively assess the habitat of the Clarence floodplain to the habitat characteristics of the eleven suballiances (Floyd 1990 ) from the NSW Scientific Committees (1999) determination. Table 3 Worked example of the process of plotting abundance Vs number of species. The value for Ficus macrophylla for Suballiance 1 is generated from it being present in two of four sites (data not shown) with abundance values of 3 (Occasional) and 6 (Common) to give a rounded down abundance value of 2.2 (sum of 9 divided by 4 = 2.25). This process was repeated for all the other suballiances of interest and also for another four species. The highlighted values are those that are plotted in Figure 2 . Figure 2 Worked example of plotting abundance Vs number of species. The graph has separated the suballiances into two groups. In the more representative group, only four of the seven suballiances where all five species were represented made it into this group. In suballiance 25, only 3 species were present, but due to them being very common, this suballiance has also made it into the more representative group. Using the proportion of numbers and abundance provides an extra dimension in trying to complete this historical jigsaw puzzle. Suballiances that are above the line will tend to be less representative, as the species that are present are less common. In contrast, those suballiances that are very abundant will tend to be placed below the dividing line, as their higher abundance values will push them to the right on the graph.
Floyd's suballiances

Rarer species => less representative
A species list was created from the original surveyors' corner tree data and species lists from botanists who visited the region prior to the clearing of the rainforest and will be referred to as the historical species list (Appendix 1).
The historical species list was compared to the species list in each of Floyd's (1990) suballiances to extract the number of species represented, and to generate an abundance rating. Floyd (1990) has provided a species list for each of his suballiances with an associated abundance rating from 2-5 representative sites. This abundance rating was converted to numerical values to reflect the relative weighting of the original rating (Table 2) . It is a simple progressive scale with the interval between groups increasing by one and it aims to provide weight to the important species without completely ignoring the others. A linear scale (1, 2, 3, 4) was used initially but it was considered that it did not put enough emphasis on the very common species and too much emphasis on rare species.
The abundance values for each species were averaged to give an average abundance for that species in that suballiance. The average abundance values were then summed for the historical species that were present in each of the suballiances. The proportion of the sum of the abundance values for the historical species to the total of the abundance value for each suballiance was plotted against the proportion of the number of species from the historical list to the total number of species in the suballiance. This process is explained in a simplified example (Table 3 , Figure 2 ).
Results
Two botanists' visited the region prior to the complete loss of the riparian rainforest, Charles Moore and William Carron.
Charles Moore (1861a Moore ( , b, 1867 William Carron (1872a, b), a collector for the Sydney Botanic Gardens was sent to the Northern Rivers to seek out possible sites for timber reserves. Only one rainforest timber reserve, located 6-7 miles (10-11 km) north of Grafton, with 20 tree species was nominated.
A list of 77 species (the historical species list, Appendix 1) was compiled from botanists' data combined with the surveyors' corner tree data. Though the corner tree data was only recorded as common names, it was possible to suggest a scientific name with the aid of a list of 78 species from the adjacent Richmond River region (Table 4 for names) plotted against the proportion of the average abundance of that species in the suballiance with the subjective habitat rating displayed as various point shapes.
The suballiances within the circle are those more likely to have been present on the Clarence floodplain. 2 Unknowns -The following species were unable to be located in the Australian Plant Name Index:
Nephelium lanuginosum: Sapindaceae. A fine tree, attaining a height of 80 feet and 3 feet in diameter. Timber occasionally used for building purposes. UROOBIE. Clarence and Richmond brush forests, plentiful (Moore 1861b).
Nephelium lucidum: Julip wood. This tree is very generally known wherever it grows, both on account of the beauty of its heart wood, and its excellence for firewood; for this latter purpose it is preferred about Grafton, where it is abundant, to almost any other. The tree grows to a large size, but it is seldom that the stem is solid, being generally decayed near the heart. The wood is exceedingly strong, and richly coloured with different shades, from black to yellow, will take a high polish, and in a good specimen is very beautiful. This has been occasionally employed in Sydney for cabinet work, but it does not appear to have received that attention that it deserves.
(Moore 1861a, p.3) (Clarence and Richmond Examiner and New England Advertiser, 1 April, 1873, Appendix 5). The likely current scientific and common names were determined using the Australian Plant Name Index (www.cpbr.gov. au/apni/) cross referenced with Floyd (2008) . Of the 77 species in the complete list 60 were represented in the 12 suballiances that were deemed to be of interest (Appendix 2). An attempt has been made to ascertain why the other 17 species were not represented ( Table 3 ).
The 12 suballiances were subjectively assessed for habitat fit (Table 4 ). The proportion of the sum of the average abundance values (Appendix 3) for each suballiance was plotted against the proportion of the number of species in each suballiance ( Figure 3 ). In addition, the habitat fit rating of each suballiance was noted on the graph by different shape points. The resulting graph provided some insight on the fit of the 12 suballiances to the Clarence floodplain ( Figure 3 ).
Discussion
The main criteria used to determine the possible distribution of Floyd's rainforest suballiances across the Clarence floodplain was a subjective assessment of the fit of the habitat characteristics of each suballiance to the habitat of the Clarence floodplain. To provide supporting evidence a methodology has been created that utilises a historical species list in a "what if" scenario. If the historical species list had been collected in a particular suballiance, then a particular proportion of the number of species and their abundance would have resulted. These values would vary for each suballiance along both axes, providing an extra dimension of the fit of each suballiance to the Clarence floodplain. There are many reasons why this methodology is not particularly robust, however, in much the same way that a palaeontologist will suggest how an animal may look, from a few bones, it is an attempt to use the available historical data to provide some insight into species distribution in rainforests that were cut down in the 1860s (Stubbs 1996, Rose 2012). Lowland alluvium. Well drained sites on the fertile alluvial flats, which were initially logged and now farmed. May suffer from seasonal moisture stress. Good fit for the Clarence floodplain as it has a low rainfall period during spring.
3
Cryptocarya obovata -Dendrocnide excels -Ficus spp -Araucaria Floodplain alluvium. The major sub-alliance on the well-drained, fertile, basaltically-enriched alluvial lowland floodplains north from the Manning River, the majority now under agriculture. Good fit for the Clarence.
4
Elaeocarpus grandis Streambank alluvium. Exists as a lowland riverine fringing community within a more extensive community eg No 5, 6 or 33. The stream bank location is due to the large fruit (up to 30mm diameter), which is dispersed by water and not by birds in New South Wales. This could have been a niche community along the banks of the Clarence.
5
Castanospermum -Dysoxylum mollissimum Moist, alluvial flats and benches. A reliable soil moisture level appears to be a major requirement. Often derived from weathering of lowland plateaux. This suballiance can occur where hills merge with the floodplain without a backswamp in between e.g. at Maclean, Woodford Island, Ashby and Tyndale.
6
Archontophoenix -Livistona Excess soil moisture. Also known as palm forests. Drainage is impeded and there is free surface water during the wet season. Soil type is not critical.
No palm forests are indicated on the portion plans, only 'tall ferns'. However, it could be a transition community to the backswamps in some locations.
16
Syzygium luehmannii -Acmena hemilampra Well developed littoral rainforest on deep sand. Rich (1996) has suggested that this suballiance can extend further up the rivers away from the true littoral zone and thus there could have been a transition from this to the main suballiances close to the mouth of the river.
23
Ficus spp -Streblus -Dendrocnide -Cassine Central and South coasts on krasnozem at moderate low altitude. To the south of the Bellinger Valley. It occupies dry rocky slopes, ravines and headlands on fertile but often shallow soils. It does not occupy a streamside niche. Wrong location and soil type.
24
Castanospermum -Grevillea robusta
Gallery rainforest along streams on basaltic alluvium in minimal rainfall areas (950-1100mm). Mainly in the upper Clarence and Richmond valleys. A drier phase of the suballiance No. 5. The annual rainfall on the floodplain is too high for this suballiance to be a major component of the floodplain. However, it fits with the upper end of the floodplain around Grafton as a transition to the main suballiances.
25
Streblus -Austromytus
Streambank basaltic alluvium with high rainfall. Richmond River. Wrong location.
26
Waterhousea floribunda/Tristaniopsis laurina Southern Extension of No. 24 on less fertile alluvium. Wrong location.
33
Ceratopetalum/Schizomeria -Argyrodendron/Sloanea Warm temperate/subtropical rainforest on alluvium or enriched yellow earth. Sloanea above 650m altitude. A transition suballiance between the subtropical and warm temperate rainforests often in gullies. The floodplain environment on the Clarence of levees transitioning to backplains does not seem to fit this suballiance. Some small areas may be present as per the comments for No 5, in gullies that merge onto alluvial terraces.
Assessing habitat characteristics of the eleven rainforest suballiances nominated by the New South Wales Scientific Committee as possibly being present prior to European settlement on the Clarence floodplain, enabled four to be eliminated. Of the remaining suballiances it is suggested that three were present in niche environments, two plus a littoral rainforest suballiance occupied transitional environments and two were the main suballiances. The habitat ranking process for the suballiances was supported to some extent by the abundance and species number data generated from Floyd's (1990, v.2 microfiche) species lists when cross referenced with the historical species list (Appendix 1, Figure 3 ).
Suballiance No. 23 rated almost as high as the suballiances suggested for the Clarence floodplain (Figure 3 ), even though it is only present on the NSW Central and South Coasts. This could be due to either of two reasons: Option 1) Floyd (1990, v.1 p. 36 ) noted that in prior times that the region to the north of the Clarence was drier and seemed to be a major barrier to the north-south movement of some rainforest species. The concept of a species barrier was supported by Rich (1996) who grouped 33 littoral rainforest remnants from all of NSW into 3 groups using PATN analysis. The Iluka littoral rainforest near the mouth of the Clarence River was the northern most representative of the southern group, providing additional evidence of the Clarence as a boundary for some rainforest species. If the rainforest species on the floodplain followed the trend of the littoral rainforest species by having a stronger affinity with the southern rainforest groups, this could explain why the southern suballiance No. 23 rated so highly in Figure 3 . Option 2) The second reason could be that those who contributed to the historical species list may have been more familiar with the rainforest species closer to home (Sydney), and so they were more familiar with the species from suballiance No. 23. The contrary argument to this option is the position of suballiance No. 23 in Figure 3 , where it lies more to the right on the graph indicating that it is fairly well represented (Figure 3 ). If this option were true, it would be expected that the species would be less abundant and therefore placed further to the left in Figure 3 .
Initial work with this concept using a smaller species list and plotting absolute numbers instead of proportions gave a poor rating for suballiance No. 25, which is described as being from the Richmond River (the next river valley to the north of the Clarence)(Rose 2012). This provided further evidence to support Option 1) above, however, with the revised methodology this is no longer as clear cut. Suballiance No. 25 is a dry rainforest type with a high rainfall, and as the lower Clarence floodplain has a relatively dry spring (Rose 2012, p. 24), it was expected that this suballiance would have a fit on the Clarence and perhaps it did. However, this is not a strong link and it can be argued that the data presented in Figure 3 could support the idea that at some time in the past the region directly to the north of the Clarence was a barrier for the north-south movement of rainforest species. Figure 3 and sits on the midline between less and more representative. This indicates that a lot of the less abundant species from this suballiance were known to those, who contributed to the historical species list. Most of these people would have been based in Grafton during their visit to the region and it is plausible that their knowledge of the rainforest species closer to Grafton would have been better than those further away. However, as Suballiance 24 does not sit further to the right in Figure 3 , it is fair to place it as a transitional suballiance on the Clarence floodplain.
At the mouth of the Clarence a zone of transition to the littoral rainforest suballiance No. 16 is included. Rich (1996) has suggested that littoral rainforest can be found inland as far as 3.1km and further inland along estuarine rivers (e.g. Stotts Island on the Tweed River is 15 km upstream and 8 km inland). The analysis of the historical data rates suballiance No. 16 on the midline between less and more representative, which is indicative of a transitional suballiance -the species are present to some extent, but as they are not fully suited, are not all that abundant.
The niche suballiance present in the main body of the riparian rainforest is suballiance No. 5, which is present on alluvial flats or benches that have been created by the weathering of an adjacent hill or plateau. A number of situations exist on the floodplain where the geomorphology is stream-bench-hill, without a backswamp in between e.g. near Maclean High School, where a remnant of this suballiance used to exist until destroyed by flying (Floyd, 1990, v. 2 p. 22 ). There were no references to palm forests on the 1860s portion plans. There were, however, many references to 'high fern' (e.g. Figure 5 ) in the areas where this suballiance may have been expected to be present but no documentation was found to confirm its identity (possibly Bracken Pteridium esculentum, Ed.).
As an aid to those using the suballiance conceptual model (Figure 4) , the 45 most abundant species in Floyds (1990) species list from each suballiance as determined by the ranking system used in Table 1 is given in Appendix 4.
A total of 17 species from the historical list were not present in the 12 suballiances of interest. Most of these species were collected by Moore in 1861, at a time when there were still substantial areas of rainforest on the floodplain. A reason for their absence could be found for most of the species, however, two species were not able to be located in the Australian Plant Name Index and one (Cupaniopsis serrata) may have been totally lost to New South Wales. The presence of these species in the historical list indicate that the remaining rainforest remnants do not necessarily fully represent what was originally there. This is quite plausible, as the remnants are in locations that are not typical of the habitat of the majority of the original riparian rainforest. The conceptual model ( Figure  4 ) cannot be classified as a complete solution, but based on the currently available evidence, as presented in this paper, it may be a fair representation of what may have been there.
Conclusion
We may never know the true species composition of the original riparian rainforest of the Clarence floodplain, but this paper has attempted to use the available information to generate a concept of what may have been there. Models do not always generate the correct answer. They do, however, provide a framework that promotes discussion and the basis for the construction of alternatives.
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Carron Appendix 3. The historical list of species (Appendix 2) with average abundance data using the rating in These lists have been created from Floyd's species list (Floyd 1990, v. 2 microfiche) and have been sorted so that the top 45 most abundant species from the represented sites are listed. These could be the species to be used to start any rainforest recreation activities. This assumes that the more abundant species are the more successful in the ecological niche for that particular suballiance and therefore have the greatest chance of becoming established. These lists would be used in conjunction with the model of the location of the suballiances on the floodplain as an aid in species selection for any given site on the floodplain.
The lists show the species name using the 1990 names used in Floyd (1990) . The abundance rating is shown for each of the listed sites and the average rating across all sites. In addition, the highest abundance rating for all sites is shown. 
